In continuation of studies on antibodies which react with informational macromolecules,1 the experimental induction with hapten-conjugated proteins2-5 of antisera capable of RNA cross-reaction has been attempted with several novel conjugates. These immunogens comprise 2,4-quinazolinedione-6-azo-, pseudouridine-, and dihydrouridine-albumins. Ancillary antigens containing uridine substituents6 were also prepared. ey-Globulin fractions derived from rabbit antisera to these conjugates react with RNA by precipitation, in confirmation of the results of Sela et al.6 with antigenic uridine-polypeptides. A uridine-specific serum, and the globulin fraction from a dihydrouridine antiserum, can also be shown to react with several RNA's by complement fixation tests. Antibodies to the uridine, pseudouridine, dihydrouridine, and quinazoline 2,4-dione determinants exhibit precipitation in gel with appropriate homoribopolymers and cross-react with denatured calf thymus DNA. This report describes antigen syntheses and the properties of their antisera with regard to RNA reactivity. Materials "Reduced-uridine" (red. U)-conjugates: To 30 mg of U-BSA in 10 ml 0.1 M Na2HP04 7H20, 1 N NaOH was added to pH 9.2. After addition of 17.5 mg NaBH4, the flask was irradiated (G.E., germicidal lamp) and was stirred for 6.5 hr.9 Dialysis followed by lyophilization gave a white powder (Xm O.1M phosphate pH 6.8 = 267-270 mj). Spectrophotometric comparison with the parental conjugate indicated 70% reduction (ca. 10) of uridine residues. This estimate was confirmed by a direct assay for ureido groups after alkaline cleavage.10 Reduction of 11 of the 16 uridine groups on U-RSA occurred similarly. BSA and RSA were each irradiated in the presence of NaBH4 to yield altered carrier proteins (red. BSA and red. RSA).
evaporation of water, the liberated yellow oil crystallized rapidly (yield, 80%). o-5'-Carboxylic acid was recrystallized from methanol to give an analytically pure sample, mp 234.50 d., 0.01 M Tris-HC1 pH 7 .4 = 263 mar, e = 7440). Coupling with albumins was carried out as described above. The conjugates contained ca. 10-11 haptenic groups per mole. "Reduced-uridine" (red. U)-conjugates: To 30 mg of U-BSA in 10 ml 0.1 M Na2HP04 7H20, 1 N NaOH was added to pH 9.2. After addition of 17.5 mg NaBH4, the flask was irradiated (G.E., germicidal lamp) and was stirred for 6.5 hr.9 Dialysis followed by lyophilization gave a white powder (Xm O.1M phosphate pH 6.8 = 267-270 mj). Spectrophotometric comparison with the parental conjugate indicated 70% reduction (ca. 10) of uridine residues. This estimate was confirmed by a direct assay for ureido groups after alkaline cleavage.10 Reduction of 11 of the 16 uridine groups on U-RSA occurred similarly. BSA and RSA were each irradiated in the presence of NaBH4 to yield altered carrier proteins (red. BSA and red. RSA).
Quinazoline-2,4-dione-6-azo-proteins and -haptens: Nitration of benzoyleneurea gave the 6-nitro derivative,11 which was hydrogenated with Adams' catalyst in glacial acetic acid to 6-aminoquinazoline-2,4-dione. Addition of HCl precipitated the salt which crystallized from ethanolwater (4/6), mp above 3300 (49% yield). Diazotization and conjugation to BSA and to human serum albumin (HSA) followed a published method12 (Fig. 1) . Spectrophotometric examination of these conjugates (Xmah 0.2 M phosphate pH 7-4 = 345 myA) indicated substitution mainly as monoazotyrosine derivatives (e, ca. 22,000).13 From the OD's, approximately nine residues of hapten were calculated per mole of the conjugates (Q-BSA and Q-HSA). The quinazoline-2,4-dione-monoazophenols were purified by repeated base-acid precipitation and, when possible, by further recrystallization from hot water. established procedures."4 Bleedings from individual rabbits were pooled, and the globulin fractions were prepared.'8 Quantitative precipitin and hapten inhibition techniques were carried out as described by Kabat;16 specific precipitates were analyzed by a microbiuret technique.'7 Complement-fixation tests'8 were carried out in Tris-HCl saline (0.01 M Tris, 0.14 M NaCl; TBS) pH 7.45-7.55.14 Double diffusion procedures in gel'9 were performed on 1' X 3" glass slides coated with 2.5 ml 1% Noble agar (Difco) in 0.5 M glycine-0.14 M NaCl solution. Antigens and haptens were added in TBS. Gel hapten inhibition tests were carried out as previously described. 20 Ribonuclease activity in immunoglobulins was determined by Spahr's method2' with C'4-poly U.
Polyribonucleotides, DNA, and RNA: Calf thymus DNA (Nutritional Biochemicals, 1 mg per ml in 0.15 M NaCl-0.015 M Na citrate), poly U (Miles, ammonium salt), poly C (Miles, potassium salt, s = 4.27), poly A (Miles, potassium salt, s = 13.1), and poly X (Miles, s = 6.22), each at concentrations of 20 mg per ml, were thermally denatured either with or without formaldehyde (1% final concentration). All preparations were then batch-treated for 2 hr at 40 with Sephadex G-25 (preswollen in 0.15 N NaCi). Yeast RNA (Sigma) was further purified by chromatography on Sephadex G-200 with 0.1 M NH4HCO3, pH 7.8; the material in the first peak was precipitated with ethanol. When included, RNA denaturation with formaldehyde was performed prior to this chromatographic step. Chicken embryo RNA was prepared22 with substitution of bentonite for polyvinylsulfate. It was denatured and partly purified as outlined above. Commercial tRNA (General Biochemicals, yeast) was further purified by chromatography on DEAE-cellulose. 23 The fraction eluted with 1 N NaCl-0.1 N Tris-HCl, pH 7.5, was rechromatographed on Sephadex G-100 which had been equilibrated with 1 N NaCl.24 Hydrolysis of 18.7 mg of this sample in 1 ml TBS with 16.5 jsg pancreatic ribonuclease was carried out for 18 hr at 37°. The reaction was terminated by freezing and was subsequently analyzed by thin-layer chromatography.25 The distribution of products indicated partial hydrolysis into high-molecular-weight oligonucleotides. Parallel chromatographic experiments using a DEAE-cellulose column (0.1 M Tris-HCl, pH 7.52, with a linear gradient of NaCl from 0.1-1.0 M) confirmed this observation.
Results.-The heterologous precipitin reactions obtained with globulin fractions and the RSA-nucleoside conjugates are shown in Figure 2 . Precipitation with these hapten conjugates demonstrated that specific antibodies were formed. Comparable precipitin reactions between anti-Q globulins and Q-HSA were also found (Fig. 3) . Here too, no precipitation was obtained with HSA at the same concentrations. The specificity of these reactions was further investigated by hapten inhibition experiments. Sufficient antigen was added to precipitate the maximum amount of antibody, as determined from the precipitin curves (Figs. 2 and 3 ). In the anti-U, U-RSA system (Table 1) , uridine was a much better inhibitor than pseudouridine, dihydrouridine, or other haptens tested. Since uracil and ribose were each poor inhibitors, the entire nucleoside appears to be involved in this antigenic determinant, as was reported earlier.6 Anti-+-globulins were inhibited almost equally by uridine and by pseudouridine, and less by dihydrouridine, dihydrouracil, and uracil. Apparently, the specificity of antibody populations to this determinant is not as restricted as is the case with anti-U sera. Anti-red. U-globulins were inhibited almost to the same degree by dihydrouridine, uridine, and cytidine, and somewhat less by pseudouridine (Table 1) .
The hapten inhibition pattern of the anti-Q globulins is shown in Table 2 . Qdirected antibodies possess a high degree of specificity towards this moiety. Equivalent inhibitory activity was noted only with 500-fold higher concentrations of pyrimidine nucleosides. None of the Q-haptens caused inhibition of precipitation in a BSA, anti-BSA system. The high inhibitory activity of Q-tyrosine is in keeping with the presence of monoazotyrosine substitution in Q-HSA.
Confirmation of the foregoing antibody specificities was obtained in gel-diffusion studies (to be presented elsewhere). The results of gel diffusions of these antisera against polyribonucleotides are summarized in Table 3 . Each of the hapten-specific globulin fractions precipitated with poly X, whereas no precipitation occurred with poly A. Thus, the interaction of these immunoglobulins with polyribonucleotides is a constitutive manifestation of their specificity for the diketopyrimidine moiety.
Failure to observe lines of precipitation of poly U with several anti-U preparations was not due to the presence of ribonuclease2" in these globulins. Additional evidence for the cytidine reactivity (Table 1) nucleotides eliminated the possibility that these gel precipitations were a function of hyperimmune sera.
As with previously studied antisera to synthetic conjugates,25 globulin fractions from antisera of each of the four specificities described here precipitate with formaldehyde-denatured calf thymus DNA. The ability of several of these antisera to fix complement in reacting with RNA is depicted in Figure 4 . Treatment of the yeast RNA with pronase (enzyme to substrate ratio 1: 60) for six hours at 370, followed by boiling for ten minutes, did not affect its C'-fixation with anti-red. U globulin, thus eliminating the possibility of spurious protein interactions. Although anti-U and anti-red. U immunoglobulins were each noted to fix some 30 per cent of the added complement with heat-denatured calf thymus DNA, ultracentrifugal density gradi- Total reaction volumes 0.51 ml, including 0.20 ml anti-Q globulin, and the amounts of antigen required to give maximum precipitation (Fig. 3) . TBS buffer containing 20% acetone was used for more insoluble Q-haptens; corresponding control tubes also contained organic solvent. Antibody precipitated was calculated from solving three simultaneous equations involving total absorbance at 360, 285, and 305 my& and the EM values of antigen, antibody, and haptens at these wavelengths. ent analysis showed that no more than 3 per cent DNA was present in the chick embryo (C.E.) RNA sample which was used.
The precipitation of formaldehyde-denatured yeast and chick embryo RNA's with an anti-Q globulin fraction is presented in Figure 5 . ports, together with the data given here and by Sela et al.,6 indicate that no fundamental barrier exists to the formation of RNA-reactive antibodies. Natural components of RNA are not even required as parts of the immunogens, as exemplified by the case of the quinazolinedione antigen.
The necessity for removal of serum ribonucleases in order to observe reaction of antisera with RNA or with polyribonucleotides has been documented.6 In our experience, this step has not been found obligatory for demonstration of RNA crossreactions. Furthermore, by preparation of the sodium-sulfate-precipitated globulin fractions, up to 90 per cent of antiserum ribonuclease activity was removed, and it was found that no more than 10-2 micrograms of RNase was present per ml of the reaction mixtures. Reactivity of tRNA with the specific antibodies was actually facilitated by prior hydrolysis with ribonuclease. This treatment may have exposed additional sites for antibody cross-reactions without forming products small enough to cause hapten inhibition.
The apparent cytidine specificity of antisera to red. U may be related to reports'4 35 that ultraviolet irradiation of uridine gave a product which coded as cytidine. On the other hand, with irradiation at 500, Rottman 
